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[Claim 1] 
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the scanning 



invention] LIQUID CRYSTAL DEVICE, PROJECTION TYPE 
APPARATUS , AND ELECTRONIC APPARATUS 



'A liquid -crystal device comprising s liquid crystal; a pair 
having alignment films on surfaces thereof, the surfaces 
other with the liquid crystal provide therebetween? a 
Kcanning lines s a plurality of data lines; and a switching 
pixel electrode provided in each of pixel areas defined by 
lines and the data lines, wherein a pretirc angxe wiuU 
jroapoct to »ich of the alignment filmo is in th* range of from 2D* to 
30°* 

[Claim 2] A liquid crystal device according to Claim 1, wherein the 
alignment fijjos each comprise on© of silicon oxide and silicon nitride. 

[Claim 3] |A liquid crystal device according to Claim 2, wherein, when 
the thickness of a layer of the liquid crystal held between the pair of 
substrates is represented by d and the space between the piacel 
electrodes is represented by L, d/L « 1 i& Xiold- 

[ Claim 4] ]A liquid crystal device according to one of Claims 1 to 3, 
wherein the pixel electrode is a light-reflecting metal electrode. 

[Claim 5] • A projection type display apparatus comprising a liquid 

i 

crystal device according to one of Claims 1 to 4* 

i 

[Claim 6] I A projection type display apparatus ccm£»rising: a_light 
source, a li^ght modulating deviee for modulating light emitted from the 

.... i -» . i i i *_ n vsw-i A -n** tha 1 A rrh-t" inrkHlllnted 

11 gut source; cuiu a piwjowi*j-wu r^**' j~ 1 — ^ — — ? — 
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by the light modulating device; wherein a liquid crystal device 

_ . , . j i S5sd.illa.^il , 5 Hwira. 

accordxng to one of Cinun» * -> « — — 

[Claim 7] A projection typo display apparatus comprising: a light 
source; a liglit modulating device for modulating light fitted from the 
light, source;; and a projection lens for projecting the light modulated 
by the light modulating device; wherein a liquid crystal device 
according to ione of claims l to 3- 1* u»ed fox. a blu* -display portion ne 
the light modulating device. 

[Claim B] An electronic apparatus comprising a, liquid crystal device 
according to' one of claims 1 to 4. 
[Detailed Description of the Invention] 
[0001] • 

[Technical Field of the Invention] 

The present invention relates to liquid crystal devices in which a 
pretilt angle with respect to an alignment film and the relationship of 
a space between pixel electrodes to a thickness of a liquid crystal 
layer are specifically defined, and to projection type display 
apparatuses knd electronic apparatuses, both of which use the above 
ljjyild. nryatal devices. The present invention particularly relates to a 
technique tor suppressing *ne generation of display defwto *auood-by - 
disclination 1 lines. 
[0002]' 

[Description of the Related Art] 

Hitherto, liquid crystal display devices have been increasingly in 
demand for use in prolection type display_apparatusea, such as a 
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projection t«l« vision, in addition to direet-view-typ* /H-p.lAy. 
apparatuses, ! However, in the case in which liquid crystal display 
devices are used for projection type display apparatuses, when the 
magnifying power is increased while the number of pixels is not changed 
from that in the past, the coarseness of a screen becomes observable. 
Accordingly, .in order to obtain fine images even when the magnifying 
. power is high, the number of pixels must be increased. . 

[0003] ; 

[Frobl«mo to be Colvod by tho Invention] 

However!, when the number of pixels is increased while the area of 
the liquid crystal display device is maintained constant, in particular, 
lu the ca 3 o of *n active natriK liquid crystal rfiaplay device, since the 
areas of wire portions and switching element portions other than those 
of the pixels are relatively increased, the area of a black matrix 
covering the' portions mentioned «bove ia .increased. . 
[0004] 

in addition, in the case described above, a problem may arise in 
that since the distance between pixels, i.e., the space between the 
pixel electrodes, is inevitably decreased, when attention is given to 
one pixel elpotrode, disclination (rotation and inclination of liquid 
crystal molecules) is likely to occur due to the influence of electric 
fields from the peripheral portions of other adjacent pixel electrodes - 
when the diaolination occurs, in addition to the wire portions and 
pwitching oVfltTnAnt- r nT~Mrtn*, it becomes n©c©Ba4rv that the areas at which 
it occurs be covered with the black matrix* 
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[0005] 

mm scribed nbcve, -hen the number of pixels is increased while 
tho area of the liquid crystal display device is maintained constant, in 

portions, the. areas at which the disclination occurs mast be covered 
with the black matrix, and hence the area of the bl-*Jc itri* ♦* 
,^uw r w. pod «i*h ri1„l«y. area, Acco=din«lv. in 

the case described above, areas of aperture portions of the pixels, 
which contribute to image display, are decreased, that is, the aperture 
ratio is decreased, resulting in a darkened display screen. Hence, a 
problem may arise in that the image quality in degraded. 
[0006] 

Hext, the display defects caused by disclination will be described 
in detail. A liquid crystal display device having a highly fine 
structure for use in a current projection type display apparatus i- 

»at*i* each having a fine width of -proximal v 20 x lo"' m (20 urn) 
square, in addition, in the highly fine liquid crystal display device, 
when a reflective structure is employed, the pixel electrodes are 
arranged with substantially no spaces therebetween on an insulating film 
whir*. Mm etching elements formed on a substrate- Accordingly, 

in a liquid crystal display device having the reflective structure, it 

becomes possible that the space between the pixel electrodes can be 

-6 

decreased to only approximately 1 x 10 m (1 |m). 
[0002J 



mmmit) \mnm^ oliff m; r:i« m? 



In the iiquid crystal display device described above having the 
decreased spaces between the pixel electrodes, ad shown in Fig. 11 , a 
□pace Ii between pi*»l electrodes 100 and 101 provided for on» fiubatrate. 
side is approximately 1 x 10~ 6 m, and a distance d between a common 
electrode 102 provided for a substrate opposing said one substrate 
mentioned above and the pixel electrodes 100 and 101 is 2 x 10 ° to 4 x 
lO^ 6 a. As a result, a strong lateral electric xielTr^isr-appiied to 



liquid crystal present in the boundary portion between the pixel 
electrodes 100 and 101- For example, in the case in which the common 
electrode 102 is fixed at zero voltage by grounding, +5 volts is applied 
to the pixel" electrode 100, and -5 volts is applied to the pixel 
electrode 101 so as to control the alignment of the liquid crystal, when 
liquid crystal is used which stands with respect to the substrata upon 
application of * v^ita^, » cii^wti in Pi a. 12, a lateral electric field 
having +10 volts, that is, the potential difference between +5 and -5 
volts, is generated in liquid crystal in an area corresponding Ui thw 
pixel electrode 100 and close to the pixel electrode 101 , and hence, the 
liquid crystal influenced by this lateral electric field has a high 

. ...... • f i .j * j j 4-u„ j^m^^at, i4<ffai*ant f rrrm +\h»t ltl. 

i 

which the lijguid crystal is naturally aligned* That is, in liquid 
crystal in an area at which the alignment thereof is to be controlled by 

the pixel electrode 100, some liquid crystal molecules are aligned in a 

i 

direction slightly different. Xjluu UmL Ll*=> *fcii«z- ii<r*i4- e-y«wl 

i 

molecules. As a result, a linear display defect, a so-called 
disclinationl line, is generated in a boundary area (area along a 
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boundary lino! indicated by reference mark DR in Fig, 12) of the liquid 
crystal in which the alignment direction is slightly di££«u«at. Hhea 
the width of this linear display defect was actually measured, it was 

Sound CJiat the width UioiW ™* approximately 3 * W>" 6 ».<m) ™.-r*e_. 

average. 

[0008 J . 

.... Fig. 14- is- a view showing the- lightness of a pixel .portion of- a 

conventional liquid crystal display device, obtained by computing a 
light reflection »tate of the pixel portion- AB shown in this figure, 

it io understood that duo to -th* gw-T-mHAfi nf diaclination lines, the 

luminance in the pixel is decreased at the two sides thereof. 
[0009] 

in order to reduce the display defects caused by diselination as 
small as possible, a frame inversion driving method is employed, which 
is capable of making as many adjacent pixel electrodes as possible have 
th© same polarity, so that the liquid crystal is driven by applying 
voltages haviucr the same polarity to all pixel electrodes in ««ch frame 
when display, is performed. However, the frame inversion driving method 

has not frouiu able to totally bp^v« par«i»j-=. .J. - ~ V ~*~ J " = - 

whon white or bl^ck display ie p*rfnrmftd over the entire .disc lay area, 
the froae invsroion driving works effectively, but in « #H «nl «y mode in 
which white jdisplay and black display are both present in the display 
area, the boundary portion of the white and the blaok display become 
naarly gray display, and the display at the boundary portion is put in a 
blurred state- For example,- as shown in rlgi 13, in frfae cage which a 
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letter "A" is' displayed in black on a background displayed in white, a 
gray display area is generated by disclination lines in the white 
display portion around the outline of the -A" displayed in black, and 
the outline of the letter "A" becomes blurred, resulting in a display 
mode having low contrast. In particular, in a projection type display 
apparatus, the situation becomes more serious due to a magnifying 
■ projection display- system. - 
[0010] 

As a liquid crystal driving method, in addition to the frame 
inversion driving method, thera may bo i^ntioned. foe exrl", - H"» 
inversion driving method in which the polarity of a driving voltage 

app lied to each longitudinal line ui Lu »aOi lat e ral lino is diff e r e nt 

from that applied to the line adjacent thereto, or a dot inversion 
driving method in which the polarity of a driving voltage applied to 
each pixel electrode is different from that applied to the pixel 
electrodes adjacent thereto, and since the individual driving methods 
have their own advantages, it is preferable that various driving method 
be selected for projector type liquid crystal panels. However, due to 
the disadvantageous generation of diselination lines described above, an 
unfavorable situation exists in that the line inversion driving method 
or_rh* dot inversion driving method, in which the difference in 
potential between the pixel electrodes adjacent to each other is 
increased, cannot be employed as a driving method for a highly fine 
liquid crystal panel. 
[0011] 
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in addition, among characteristics r«^— — • — J ' 
first required one is currently the lightness, and when microlenses are 

provided at positions corresponding to^th* F---— — — " 

_ _ «ff M tive aperture ratio can be improved, 
light at the aperture areas, an errecxive ape^i^ 

uowever, wh», the -i^n-o- «- p«~±d«l, flu * 
on the pixel is increased, and hence it is pointed out that since an 
alignment film is damaged, abnormal alignment .e£..Lk- liquid crystal -**y. 
occur in some ca.ee. Heretofore, for ease of deecription of the present 
invention, color filters and polarizers, which are generally provided in 
tne liq uid crystal display device, are not deecribed. and the aperture 
ratio of the panel itself baa been primarily deecribed as the subject. 
[0012] 

The present invention was made in consideration of the aituations 
described above. An object of the present invention ie to provide a 
liquid crystal device, a projection type diaplay apparatus, and an 
electronic apparatus. The liquid crystal device is capable «f 
performing bright display,. in which the generation of display defects 
caused by abnormal alignment of the liquid crystal is suppressed by 
defining the pretilt angle with respect to the alignment film and the 
Bpeeitio relationship of the epaue l»etwe«.ur tUe-pi**! „l**tradoo *o «io 
thickness of the liquid crystal layer. 
[0013] 

[Means for. Solving the Problems] 

To these ends, a liquid crystal device of the present invention 
comprise li«uiH crystal; a pair of substrates having alignment films on 
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B urf aCe o thereof, the surfaces opposing each other with the liquid 
crystal provide therebetween, a plurality of scanning lines; a plurality 

0 f dei^tt J-i*ie>Of RnH A BWJ. lltriiiwy --r."= - " ^ 

each of pixel areas defined by the scanning lines and the data lines, 
wherein a pretilt angle with respect to each of the alignment films is 
in the range of from 20' to 30'. According to the structure described 
..above,- since the display- defects caused by -declination, are .placed • - • ■ 
outside the pixels, it is not necessary that a black matrix for shading 
an area at which the disclination ie generated be additionally provided, 

and hence, taigbUur — »• e^eepem-W ±* .thm.»r** — 

described above. 
[0014] 

in the present invention, the alignment film is preferably composed 
of one of silicon oxide and silicon nitride. When the alignment film is 
formed, for example, by an oblique deposition inethod from the »at«rial 
described above, a pretilt angle of 20" to 30" can be relatively easily 
realised, and in addition, since the decomposition of the alignment film 
by light is prevented, the generation of abnormal alignment can be 
prevented. 

[0015] 

in addition, in the present invention, when the thickness (cell 
gap) of a layer of the liquid crystal held between the pair of 
substrates is represented toy wi«wtr Ltar-as*™^ *«.t«««v — P i=el 

electrodes is represented by t. d/n * 1 is preferably held- 
Disclination is increasingly observable as the cell gap d is decreased 
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and as the space L between the pixel electrodes is decreased; however, 
when d/L * 1 is held as described above, the influence of the lateral 
electric field is d^xeased, and in addition, th* aperture-.™*** «»n be 
increased . 

[0016] 

Furthermore, in the present invention, the pixel elect rode may be 
formed from- a light-reflecting metal electrode, • ■ When- the pixel - ■ . 
electrode is formed from a light-reflecting metal electrode, switching 
elements and wires oan be formed under the pixel electrodes. 
Accordingly, the pixel electrodes can be disposed at po-ALi^s 
ind«p«ndAPt.iy of those of the switching elements and the wires. 
[0017] 

Since a projection type liquid crystal apparatus of the present 
invention is provided with the liquid crystal Owvi^» *l*scrib«d above, 
bright display can be performed by preventing the display defects caused 

[0018] 

in particular, when the projection type liquid crystal apparatus 
comprises a light source, a light modulating device for modulating light 
emitted from the light source, and a projection lens for projecting the 
light modulated by the light modulating device, and when the liquid 
crystal device described above is used as the light modulating device, 
bright display can be performed by preventing the display defects caused 
by disclination when images are magnified and projected. 

[0019] 
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in a manner simila, to the above, when the projection type liqui* 

crystal appara.u- compri,-* * U** — * ^ -* 1 " 
for adulating light emitted from the light source, and - projection 
lens for projecting the light plated by the light modulating device, 
and when the liquid crystal device described above is used for "a blu* 
display portion as the light modulating device, display can he performed 
having an improved blue- purity - 



[0020] 

a addition, since an electronic apparatus of the present invention 
curiae* the liquid crystal device described above, bright display can 
be performed by preventing the display defects caueed by diaclination . 

[0021] 

[Description of the Embodiments ] 

Hereinafter, the embodiments of the present invention will be 
described with reference to drawings, however, the preaent invention is 
not limits to the ambodiaonte d«»crib** h.low- 
[0022] 

<Pixel Portion of a Liquid Crystal Device> 

A liquid crystal device of a iirst eidbdoiaenC of the preWu 
invention will first be deecribed. First, the pixel portion of this 
liquid crystal device will be described with reference to Figs- 1 and 2. 
Fig. 1 is a view showing an equivalent circuit o-f various types of 
elo**nta and wiroo of « pl^.lity o* pi—l» arranged in a — *ri* 
constituting an image display area of the liquid cryet-^vi^. Pis- « 
i8 an enlarged cross-sectional view of a TFT array substrate showing one 
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of Trts in Fig. 1. in this cross-sectional view, in order to allow 
layers and members to be recognized in the figure, the reduction scales 
of the individual layers and members are made different from each other. 
[0023] 

In Fig. 1, in the image display area of the liquid crystal device 
according to this embodiment. > wanning line* 3a extend In the lateral 
direction, n data lines 6a extend in the longitudinal direction, end- 
ttts 30 and pixel electrodes 9a are arranged in a matrix so as to 
correspond to the cross portions of the scanning lines 3a and the data 
lines ba. A gate electrode or the TFT 3C ia c=nn**t a d «o the ==**nin 5 
line 3a, a source electrode of the TFT 30 is connected to the data line 
6a, and a drain electrode is connected to the pixel electrode 9a. In 
addition, scanning signals ol, 62, ••• Gm, which are sequentially placed 
at active levels at predetermined timings, are applied to the m scanning 
lines 3a- Further™**, in „ period of tiar in- which a certain scanning 
signal is placed at an active level, ijuage Biennis SI , 82 - ■ ■ sn are 
supplied in a line sequence manner in this order to the n data lines 6a 
or are supplied to each group of a plurality of the data lines 6a 
adjacent to each other. 
[0024] 

Accordingly, when a certain scanning signal is placed at an aatrve 
level, all TF*r 30 connected to one scanning line 3a to which said 
certain scanning signal mentioned above is supplied are B imultaneously 
put in an OB state, in addition, during the period of this OH state, 
th « oi9»i. si. S3 . •- «n whir* *re aunnlied are written in 
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individual pixel erodes 9a of said one scanning line described above 
and are retained for a predetermined ti~ between the pixel electrodes 
^ . coun rer electrode forced on the counter substrate described below. 
[0025] 

Since the alignment and regularity of the molecular aggregate of 
the liquid crystal are changed in accordance with the level of a voltage 
applied thereto, -Uflfct passing through -the liquid- oryst-1 -is modulated, 
and hence, g^yscaie display con bc-perforaed- When «T-*-l *» 

driven 1» - normally-white mode, incident light ia not allowed to pass 
though the liquid cryatax -portion in accordance with a voltage ,. PP l-d 
thereto, and when a normally-black mode is used, incident light is 
allowed to pass through the liquid crystal portion in accordance with a 
voltage applied thereto, whereby, on the whole, light having an 
intensity corresponding to an image signal is emitted from the liquid 
C ry»t*l device, in orde* to prevent Xeakag* of the retained imaoe 
signals, a storage capacitance 70 i. additionally provided in parallel 
with a liquid crystal capacitance formed between the pixel electrode. 9a 
and tha-counter electrode, sy this stcrege c- P acit«n«- 70, the voltage 
of the pixel electrode 9a can be held for a time approximately three 
orders of magnitude longer than the time during which a source voltage 
is applied, and henoe the retention characteristics are improved, 
whereby a liquid crystal device having a high contrast ratio ca» be 

[0026] 

Next, as shewn in the enlarged cross -sectional view of Fig. 2, 
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above the TFT array substrata 10, a pixel switching TFT (switching 
element) 30 is provided at a location adjacent to the corresponding 
pixel electrode 9a. in addition, on the pixel electrode 9a, an 
alignment film 16 is provided at the aide opposite to the TFT 30. As 
described below, the TFT array substrate 10 is adhered to the counter 
substrate, having the counter electrode and an alignment film formed 

-thereon, with a predetermined *ap therebetween, and a. .liquid- crystal 

layer 50 is formed by filling the liquid crystal in this gap. In 
addition, when the difference in voltage between the pixel electrode 9a 
and the counter electrode is not present, the liquid crystal layer 50 is 
arranged to be placed in a predetermined alignment state because of the 
alignment films provided at the two substrates. 
[0027] 

On the TFT array substrate 10, a first shading film 11a is provided 
at a location opposing the pixel switching TFT 30. The first shading 
film 11a is preferably composed of a metal element, an alloy, a metal 
salicide, or the like containing at least one opaque metal having a high 
melting point selected from Ti, Cr, W, Ta, Mo, and Pd. When being 
formed from the material mentioned above, the first shading film 11a is 
not destroyed and is not melted curing subsequent. Uiwatmeut-«t = icbgn 

tninr I" addition, +->"» fitra*. ohpHii'? fii™ H« can oravent 

returned light or the like returned from the TFT array-eubntr-t- 10 aide 
from entering A channel region la' and LDD regions lb and lo of the 

_ , „„ n . -: a — in .n^ huiM -t-Vic» r-har""'*'"'"'' Ktica of the pixel. 

switching TFT 30 can i>« prevented from b*i»g d«gr«u***- Hy rh* g«n Ration 
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of photocurrent. 
[0028] 

H„xt, a firet int.rl*y«r ^smlatirvff film.J12. is crcvided between the 
first shading film 1U and a plurality of the pixel switching TFTs 30. 
The first interlays* i..»ulati»g film 12 i* provided for -l.etrio.1 J r 
insulating a semiconductor layer la constituting the pixel switching IFI 
30 from th« firs* .shading film 11a. In -addition, sinoe- being formed 
over the entire surface of the TFT array substrate 10, the first 
iutbrlnyer .inoulati-g film 12 il B o s«rv« as an underlying layer for the 
pixel switching TFT 30. That is, the first inter layer insulating film 
12 has the function of preventing the characteristics of the pixel 
switching TFT 30 from being degraded by a roughened surface of the TFT 
array substrate 10 caused by polishing, atains remaining thereon after 
washing, or the like. The first inter layer insulating film 12 is £»i.m*d 
tor example, of * high insulation glass, such as BSS (non-doped silicate 
glass), PSG (phosphorus silicate glass), BSG (boron silicate glass), or 
BPSG (boron phosphorus silicate glass); a silicon oxide film; or a 
silicon nitride film. The first interlayei. Insulat-tu^-ftlm -lfc-^lwcriked 
above oan also prevent the pixel switching TFT 30 or the like from being 
contaminated by the firs!", -hading film 11a. when an op aque Si substrate 
is used for the TFT array substrate 10, the first shading film 11a is 
not required. 
[0029] 

subsequently, a gate insulating film 2 is formed by thermal 
oxidation ctwaLmen* or th.» iiK« on U±» uurii== e£ -fefc* e 



Received at: 9:42PM, iiibicwa 

ce. R : 142 P, 68 



'03f02j|27H(t)ll»§40£ Wi:% OL IFF 



- 16 - 



layer la confuting the pixel switching TFT 30, and in addition, the 
scanning line 3a composed of a polycryatalline -ili«m film !»• *~-d- 
^corai^xr, a p«* of tfc. *~nnin*-H n«-^-nrosaino the semiconductor 
iayer la eervee as the gat* electron of the TFT 30, and a part of the 
^conductor layer la under the scanning line 3a serves as the channel 
region la'. In addition, in parts of the semiconductor layer la, which 

are adjacent to the channel -region la- at the- two- -side* thereof.,.* 

lightly doped source regj.un- ?LDt> rsgi«u «v ' 

lightly doped drain region (1JJD region at the drain side) lc are 
provided, and outside these LD& region-, « highly doped source region Id 
and a highly doped drain region le are provided, respectively, whereby 
the TFT 30 has a ao-called LDD (lightly doped drain) structure. In the 
individual regions lb, lc, Id. and le are each formed by doping the 
semiconductor layer la with an n-type or a p-type dopant so a» to have a 
predetermined concentration thereof, the dopant being selected in 
accordance witn the formation of an n-type <«. « *-typ* nh-omei-- Sal**** 
to this, the n-type channel TFT has an advantage of high processing 
speed, and hence the n-type channel TFT is used as the pixel switching 
TFT 30, i.e., a switching element for the pixel, in many cases. 
[0030] 

In addition, as a material used for the pixel electrode 9a, a 
transparent conductive film such as ITO (indium tin oxide) is preferably 
used in a transmissive type, and on the other hand, in a reflective type, 
a conductive Jllm naving high reflectivity, such «p ai -r A Sr =~y fee 
used. 
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[nmi ] 

The highly .toped source region Id of the B emiconductor layer la 
constituting the TFT 30 is connected to the data line 6a composed of a 
shading thin-film containing a metal film having a low resistance, such 
as Al, or an alloy film, such as a metal eilioide, via a contact hole 5 
penetrating the gate insulating film 2 and a second interlayer 
insulatinc film 4,-and on the other hand, thefcighly -doped- dr-ain- -region 
le is connected to the associated pixel electrode J»a via a contact hole 
B penetrating the gate insulating film 2, the second interlayer 
insulating film 4, and a third interlayer insulating fiU» 7. In 
addition, *H* highly dos>*4 dr-ir ™»av/>n A»..end. tbe_BiJ»l_filectrode 9a 
nay be electrically connected to each other via the same aluminum film 
as that for the data line 6a or the same polyerystalline silicon film as 
that for the scanning line 3a. 
[0032] 

Tt» tft 30 pr«f«r»b1y has the T.HD structure as described above; 
however, an offset structure may be used in which impurity ion 
implantation is not performed for the lightly doped source region lb and 
the lightly doped drain region 1c, or a self-align type TFT may be used 
in which impurity ions are implanted at a higher concentration by using 
the gate electrode 3a as a mask so as to form a highly doped source 
region and a highly doped drain region in a self -alignment manner. 
[0033] 

in addition, a highly doped region If, adjacent to the highly doped 
drain region le of the semiconductor layer la constituting the TFT 30, 



Received at: 9;42PM f 2/26/2003 

3f». R : 1 42 P. 70 



' 03^02^270 (t)\mn 5ft:* OLIFF 



18 - 



extends to a location at which a capacitance lie. 3b is Co—* lending 
approximately parallel to the scanning line 3a, and the highly doped 
region If has a low resistance. Accordingly, the storage capacitance 70 
is formed of the highly doped region If -nd a part of the capacitance 
line 3b with the gate insulating film 2 provided therebetween as a 
dieleotxic ^t-ria'l. ««"~ Hi-leetrio material of the storage ...„„ 
capacitance 70 is-th* gate plating film 2 itself • which . is formed on - 
the polycrystalline silicon film for the tft 30 by nigh temperature 
oxidation, a thin inflating film having a high breakdown voltage can be 
' forced. Consequently, the storage capacitance 70 has a relatively small 
area and a large capacitance. 
[0034] 

As a reculW-by effectively using, a-spaae other than that for the 
aperture area, i.e., the area under the data line 6a and the space along 
the scanning line 3a, the storage capacitance of the pixel electrode 9a 
can be increased, in addition, the pixel electrode 9a may be formed 
above the data line 6a or the scanning line 3a with an insulating film . 
provided therebetween. 
[0035] 

m this embodiment, a single gate structure is formed in which only 
one gate electrode (data line 3a) of the pixel switching TFT 30 is 
provided between the source and the drain regions lb and le f however, at 
least two gate electrodes may be provided therebetween. In the case 
described above, the same signal is applied, to the individual gate 
electrodes, when a TFT is formed having a dual gate (double gate) or a 
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t^iplo 9 »to -truotur.. lo«*„ a - «™„t *t the. junctions Of the 

channel with the source and the drain regions can be prevented, and 
hence, current in an OFF state can be decreased. When at least one of 
the gate electrodes described above is formed to have the LDD structure 
or the offset structure, the Off current can be further decreased, and 
as a result, a stable switching element can be obtained. 

. . . [0036]- - • 

Hext, in the liquid crystal display device having the structure 
described aboyji, the relationship among the pretilt angle of the liquid 
crystal with respect to the alignment film, the space between the pixel 
electrodes 9a, and the thickness of the liquid crystal layer is 
investigated. For ease of description, as shown in Fig. 3, a space 
between body portions Sal of the pixel electrodes 9. is-represented by X. 
<x 10" 6 m), an alignment pitch between the pixel electrodes 9a is 
represented by * (x 10 -6 m) , and the thickness (cell gap which is a 
distance between the alignment film 16 at the substrate 10 side and an 
alignment film 22 at a substrate 20^ side) of the liquid crystal layer is 
represented by d (x lo" 6 m) . In addition, an angle (pretilt angle) 
formed by the long axis of the liquid crystal molecule and the surface 
of the substrate (alignment film) is represented by 6p. 
[00373 

in the structure shown in Figs. 1 and 2, the alignment pitch p was 
set 25 x IB'* m, and the size of the pixel electrode 9a was set to IS x 
10~ 6 square (accordingly, the space l was 10 x 10~ 6 m) . in addition, 
the cell gap d was set to 5 x l(f 6 m. Furthermore, the alignment films 
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16 and 22 were fom^d Si0 2 , which is an inorg«ni=> too.!*!. 

pretilt angle 8p ^ set to 25" by an oblique deposition method, and a 
twiet nematic alignment -ode having an angle of 45" between the two 
substrates was formed, m the case described above, the product And of 
the refractive anisotropy An of a negative type nematic liquid crystal 

-6 

and the cell gap d was set to 0.48 x 10 m- 
[0038J 

In addition, although not shown in the figure, the counter 
substrate 20 was provided with micro lenaes closed of a photoaeneitive 
resin, acrylic adhesive covering the micro lensea, and cover glasses at 
the rear surface (upper side) of the substrate. 

[0039] 

under the conditions described above,, whil w flw i nfluence o* 



1«U— 1 electric fields from the adjacent pixel electro**. 

into consideration, the state of liquid crystal alignment waa computed 
ror simulating vn« uuIiuot. -u en* pi*** " «uti«»*^* 

light reflectance. The reaulta are ehown in Fig. 8. m thio figure, 
compared to the conventional example shown in rig. 14, it la u-d-iatood ■■ 
that diaplay defecta, which are caused by disclination. are clearly 
decreased. 

{0040] 

Subaequently. in the case in which the pretilt angle 6p was changed 
while the An-d is fixed to 0.48 tan, necessary cell gaps d were computed. 
The results are ehown in the table below (Table l). in tbi* -»bl., the 
reflectance obtained when the dot inversion driving method was employed 
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as a 



driving method and the response speeds thereof obtained by 
computing are also shown in this Table. 
[0041] 



[Table 1] 

Pretilt Angle 

(degree) 


0 


5 


10 


20 


30 


40 


50 


An 


0.15 . 


0.148 


0.145 


0.13 


0.108 


o»oe 


0.057 


Cell Thickness 




3.24 


3.31 


3.7 


4.4 


6 


e<4 


Reflectance ( % ) 


42 


44 


45 


56 


60 


bZ 




Response Time 
(ms) 


46 


47 


50 


62,7 


72 


165 


324 



[0042] 

As can bo Been in Table 1. it is under stood that the cell gap d is 
increased when the pretilt angle Bp is 30- or more. In addition, since 
it has been known that the response tiae is increased in proportion to 
the square of the cell gap d, the trend is not preferable in -hich the 
cell gap d is increased. Furthermore, the reflectance is decreased when 
the prefix f^gl* «P i« 2«° ° r ***~= ^ ebis 18 ***** 

disclination occurs. Accordingly, it is considered that the pretilt 
angle 0p is preferably set in the range of from 20 » to 30°. 
[0043] 

As described above, since being increased as the cell gap d is 
decreased and as the space D between the pixel electrodes is deceased, 
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the influence of the lateral electric field can be Jinpnrently observed 
in a highly fine panel. In addition, as described with reference to 
Table 1, the response tijne is increased as the cell gap d is increased, 
and concerning the lightness, wh*n_th© e«il.t gnp d_is decreased^in the 
case in which the And is maintained constant, a liquid crystal material 
having a high An is required* However, since the number of reliable 
liquid crystal materials having a high An is very small, the use of *he 
liquid crystal mantiftned ahnva is di advantageous from the nrocess point 
of view. 

[0044] 

Next, in the case in which th© alignment pitch P of the pixel 

eloctrodoe 3» was cot te 10 jj^, — -■»■*>* c.«il 1 . .b*p . jd. ^aR .uv*iutained_ai__a 

constant value of 3.2 Mm, the change in aperture rstio *rith the change 
in ©pace L between the pixel electrodes was measured. The results are 
shown in the table below (Table 2). 



[0045] 
[Table 2] 



L (Mm) 


1 


2 


3 


4 


d (Mm) 


'3.2 


3.2 


3.2 


3.2 


d/L 


3.2 


1-6 


1.06 


0.8 


Aperture Ratio 
(%) 


90 


eo 


70 


60 



[0046] 
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from . 20 w f.n AO^ In order to decrease th« XixTluoircre-uf- • LU* 
electric field, increase the aperture ratio, and obtain high contrast, 
d/L * 1 must be held between the cell gap d and the space Ii. In the 
case of a normally white display mode, although the space between the 
pixel electrodes is decreased so as to have a high aperture ratio, light 
leakage occurs in- black display by the generation of lateral - electric 
fields. Due to the light leakage, even though the aperture ratio is 
high, bright display having a high contrast cannot be obtained. The 
contrast ratio of the liquid crystal display device fw a cwrent 
projection type apparatus is required to be 200-or more. In ordcr-*o 
fulfill this requirement, the conditions deccribed above are necessary - 
[0047] 

Accordingly, when the pretilt angle 6p is set in the range of from 
20° to 30° , and in addition, when the cell gap d and the space L are set 
such that d/L fc 1 is held, the probability of the generation of 
disclination lines is decreased in the pixel even when there is the 
influence of the lateral electric fields by other pixel electrodes 
adjaoont thereto. As a result, even in * display -Structure^, 

display having high quality and a high contrast ratio can be performed, 

[0048] 

<Entire Structure of Liquid Crystal Device> 

Hext, the entire structure of the liquid crystal device according 
to this embodiment will be described with reference to Figs, 4 and 5. 
In Fig- 4, on the TFT array substrate 10 and along the periphery thereof, 
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B sealing material 32 is provided, and In parallel to the inside thereof, 
a efcncUiiy JCilm 52 is provided a» « poripK««l dfiliaiter . In »n 
outside the sealing material 52, a data line driving circuit 101 and a 
mounting terminal 102 are provided along one side of the TFT array 
substrate 10, and along two sides thereof adjacent to said one side 
mentioned above, scanning line driving circuits 104 are provided- When 
delay of scanning signals supplied to the scanning lines -3a. -does- not-, 
cause a problem, the scanning line driving circuit 104 is naturally 
provided along one of the two side described above* In addition, the 
data lin* driving rri rcuits 101 may be provided alona two sides of the 
image display area. Furthermore, along the remaining side of the TFT 
array substrate 10, a plurality of wires 105 is provided for connecting 
between the scanning line driving circuits 104 provided along the two 
sides of the image display area. As shown in Fig. 5, the counter 
substrate 20 having an outline approximately equivalent to that of the 
sealing material 52 is tightly bonded to the TFT array substrate 10 with 
the sealing material 52 so as to have a predetermined gap d therebetween, 
and in addition, liquid, cirysdtal— is enclosed in the space thus formed, 
whereby the liquid vtyatal layer 50 i© form**. The ociali»g-aatora.al 53- 
is an adhesive composed, for example, of a photocurable resin or a 
thermosetting resin, and spacers (not shown in the figure) in the form 
pf a bar or a sphera a±-e added to anri mixed with J-.hi_P AAaling material 

52 a a feKafe tho pTK.£.sz±.<txi£±x.&± d csirs *=£s »**^ taine<! . 

[0049] 

Tti addition, at one side of the. counter substrate 20 on which 
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projection light i. incident and at one side of the TFT array substrate 
10 from which light is emitted, a polarising film, retardation film, 
polarizer, or the like are optionally provided ih predetermined 
direction*, for example, in accordance with an operation mode, such as a 
TH (twisted nematic) node, an STH (super TO) mode, or a ferroelectric 
liouid crystal (FLO mode; or a normally-white mode or a normally-black 

mode* 

[0050) 

Since the liquid crystal device ot the embodiment deacribed above 
is applied to a color liquid crystal projector, three liquid crystal 
devices are used as light valves for KG* colors, and in addition, as 
described below, light having each color separated by a dichroic mirror 
for RGB color separation is incident on each of the liquid crystal 
device as projection light. 

[0051] 

Accordingly, in this embodiment, color filters are not provided at 
the counter substrate 20 aide. However, on the counter substrate 20, 
color filters for RGB may be provided with a protective film at areas 
opposing tho piaftftl *lectr^dw9ae According to tho ctrurture ^s-r^H 
above, in addition to the liquid crystal projectors, the liquid crystal 
devices of the embodiments may be applied to color liquid crystal 
apparatuses, such as a direct-view-type or a reflective type color 
liquid crystal television- in addition, by depositing a plurality of 
interference films having different refractive indexes from each other 
on the counter substrate 20 f a dichroic filter may be formed which 
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pr^du-oe RGB colors usin-3 th- i -i ftii+ in^rfurence. By the counter 
substrate provided with this dichroic filter, a brighter color liquid 
crystal apparatus can be realized - 
[0052] 

In addition, as the switching element provided in each pixel, the 
normal stagger typo or the coplanar type TFT composed of polycryetalline 
silicon wae descried? however, other TFTs, such ae> an inverted stagger - 
TFT, or a TFT composed of amorphous silicon, may be effectively used in 
the embodiment. 

[0053] 

In this embodiment, the structure is for m e d in which the pixel 
el~rcr<="i* 9* J« Ht-Iww* Hy nning » TFT; however, in addition to the TFT, 
an active matrix element such as a TFD (thin-film diode) may also be 
used. In addition, the liquid crystal device may J>e formed as a passlvw 
matrix liquid crystal device. 

[0054] 

Fig. 6 is a view for illustrating driving methods applicable to the 
liquid crystal device of this embodiment for driving. First, when each 
rectangular area defined by lines as shown in Fig- «(a) is assumed to be 
one pixel, a method for applying voltages having the same polarity to 
all pixels enclosed by a frame may be employed, in other words, a frame 
inversion driving method for repeatedly applying voltages to individual 
frames may be employed in which a positive potential is applied to every 

pixel enclosed by ■fcho^fr-j**"*-*- in- Tig. .---Bud- a.^i^a^-i-^w.prkt^ntJaJ 

is applied to every pixel enclosed by the other frame which is not shown. 
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secondary/ ae shown in Fig. 6(b)/ a dot inversion driving method may be 
employed in which voltages having different polarities are applied to 
individual pixels adjacent to each other in the longitudinal and lateral 
directions. Thirdly , as shown in fig. 6(c), a method for applying 

voltages having different polar iti^s-to l±r*sc «d j^*e<»fc--t;»--3Aol*.-*tfce^-— An — 

the lateral direction or, as shown in Fig- 6(d) , a method for applying 
- • voltages having different polarities to lines adjacent to • each • other in 

tne longitudinal tiirecl-iuii way ue tsuuplu/auft 

[0055] 

In a conventional highly fine liquid crystal device having the 

structure in which spaces between pixel electrodes are decreased to 
-6 

approximately 1 x 10 xn, the frame inversion driving method is the only 
method to be employed because of the influence of the lateral electric 
field* The reason for this is that when the dot inversion driving or 

the frame inversion driving is performed , display defects may occur in 
some cases due to the generation of disclination lines. In contrast, 
when the structure of this embodiment is employed, even when a driving 
method is employed in which voltages having different polarities are 
applied to the pixels adjacent to each other, the probability of the 

genera, LXoxi uJC disclination 1 a-n«*».-j.n the* display aJfca La 4^ ojro aBet *. A-Q a 

result, even when the dot inversion driving method shown in Fig. 6(b) or 
the line inversion driving method shown in Figs, d (c) or S(d} is 
employed , the generation of the disclination can be suppressed. 
Accordingly , in this embodiment, since any of the driving methods can be 
used for the liquid crystal device, the applications tnereoi can be more 
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increased - 

[0056] 
[Second Embodiment ] 

Hext, a liq^-d oryctal dovioa of « «*coud embodiment of the present 
invention will be described. In thia liquid cryctal devio*. th* tv-p 
array substrate 10 of the first eiobodiment is composed of a 
semiconductor substrate, and -pise 1- switching -active elements- «ro. formed- ■ 
in the semiconductor substrate. In the case described above, since the 
semiconductor substrate has no light- transmitting characteristics, the 
liquid crystal device ia used as a reflwrLiv* typ* device. 
[0057] 

Fig* 7 is a cross- sectional view showing the structure of one 
pi*«l-switohing £i«ld-w£fc-t t^r.sicbo-. L* Xh* .>c**Jj*~tA.v* Jij^d^ crystal 
device according to this embodiment. The equivalent circuit of this 
liquid crystal device has not any different point from Lhat shewn in the 
first embodiment. 

[0056] 

In the figure, reference numeral 101 indicates a p-type or an n- 
type semiconductor substrate such as single crystalline silicon, and 
reference numeral 102 indicates a p-type or an n-type well region which 
has an impurity concentration higher than that of the semiconductor 
Bubstrate 101 and which is formed in the surface thereof. The well 
region 102 3Le not specifically limited; honey ex, in the oaee of a highly 
lirie 'Xiquia cryBt«i "pai*r -torvii^ v^civr-fw «w*i*Tr o£ *" 

less than 768 in the longitudinal line by 1,024 in the lateral line, the 
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well regions of these pixels are formed as a common well region, and in 
some cases, the common well region may be formed separately from well 
regions in vW-Cn-ottar-eiewimitfr-ar* f^raed • osn&titotift^^ r hArftl 
circuits, such ae a data line driving circuit, scanning line driving 
circuits, an input-output circuit, a timing circuit, and the like. 
[0059] 

. Next, reference numeral -103 indicates a field- oxide- film- (so-called 
IiOCOB) for oXoment isolation, fanwd j^ti. thn surface of the semiconductor 
substrate 101- The field oxide film 103 is formed, for example, by 

4 a fVir-inwd in the field oxide 

film 103, and a gate electrode 105a and a scanning line composed of 
noncrystalline silicon, a metal silicide, or the like is formed at a 
central portion inside the opening mentioned above and on a gate oxide 
film 114 formed by thermal oxidation of the surface of the silicon 
substrate. In addition, a source region iOfia-and a Oiain ±m%ji.*n. lOfib, 
each composed of a n-type impurity layer (doped layer), having an 
impurity concentration higher than that of the well region 102, are 
formed at the substrate surface side and at two sides of the gate 
electrode 10 5a, whereby a field effect transistor (FET, switching 
element) 105 is formed. 
[0060] 

Above the source region 106a and the drain region 106b, first 
conductive layers lova and 107D composed or a first aluminum layor »ro 
formed with a first inter layer insulating film 104 composed of a BF5C5 
(boron phosphorus silicate glass) film or the like provided therebetween. 
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The first conductive layer 107a is electrically connected to the source 
region 106a via a contact hole formed in the firat interlayer insulating 
film 104 to form a source electrode (corresponding to the data line) for 
supplying a voltage of the data signal to the eource region 1 06a. In 
addition, the first conductive layer 107b forms a drain. Alsctrode. in the 
first interlayer insulating film 104. 

[00-61] 

Next, a second interlayer insulating film 108 composed of silicon 
dioxide or the like is formed on the first conductive layers 107a and 
107b , and in addition, a second conductive layer 1-09 -oempc«ed of an 
aluminum layer or a tantalum layer is formed on the second interlayer 
insulating film 106. 

[0062] 

Furthermore, on the second conductive layer 109, an insulating 
layer 110 is formed from a material having a high dielectric constant, 
such as silicon dioxide, silicon nitride, or tantalum oxide, and a pixel 
electrode 112, which is composed of a light-reflecting metal and <which 
is connected to the drain electrode 107b, is formed on the insulating 
layex 110. The pixel _ electrode 112 described above and the second 
conductive layer 109 axe formed with the insulating layer 110 provided 
therebetween. As a result, holding capacitances 113 are formed. 
Accordingly, the second conductive layer 109 preferably has a planariaed 
surrace , in tno uuuuluiv a«?»c;i.-i.iM»«J « i« ol-^^^pi ly 

connected to the second conductive layer 109 for applying one 
predetermined potential selected among a common potential electrode vcom 
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of the liquid crystal panel or a potential in the vicinity thereof; a 
center potential cf the emplitud* - voltage (data signal voltage) 
applied to the pixel electrode (reflective electrode) 112 or a potential 
in the vicinity thereof; and an intermediate potential between the 
common electrode potential and the center potential of the voltage 
amplitude described above- The cojnmon electrode potential Voom 

„j_ j „„t,i-*-«i nntimtial- when- polarity inversion 

coirrospoSHB v~ — ~ » — — ■ -— « 

drive of the liquid crystal layer is performed. 
[0063] 

The pixel electrodes 12 shown in Fig. 7 are arranged in a matrix in 
plan view as in the case in the first embodiment, an alignment film not 
shown in the figure in formed on these pixel electrodes 112, a counter 
substrate equivalent to that in the first embodiment is disposed at a 
aide opposing the semiconductor substrate 101, and in addition, a liquid 
crystal layer ia held between the substrates.- wher-hy a reflective type 
liquid crystal display device is -formed , 
[0064] 

In the semiconductor substrate 101 of the liquid crystal display 
device according to this second embodiment, as is the structure of the 
previous embodiment described above, when the pretilt angle 8p is set in 

r r ' — j i» -dditien, when the r»1 ntionahip 

the ranger v£ Ij.uiu «v w «.«••» — — — , — 

between the cell gap d and the space L is set so that d/L * 1 is held, 
Lh« vxoValiiliUy of the generation. o£ dieolinBti<?n *» w " bbb1 - in - 

the pixel even vhan influence of the- lateral olont.rlc fields, Which »™ 
caused by other pixels adjacent thereto, is given to the pixel. As a 
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result, even though a highly fine structure is formed, display having 
high quality and a high contrast rnt-i^ nan be performed - 

[0065] 
<Pr o j ect or> 

Next, several applications using the liquid crystal devices of the 
embodiments described above will be described- First, a projection type 
display apparatus ( liquid crystal pro jector) , -which usee the liquid • 
crystal devices as light valves, will be described. Fig. 9 is a view 
showing the structure of the liquid crystal projector. 

[0066] 

The liquid crystal projector comprises a polarizing- illumination 
device 700 primarily composed of a light source portion 710 provided 
along a syaLuui optical aacia L, an ijrfcsgsrAtesr lens 72 rt . *»«H * 
? AliHwf<nTi nnTJvflrtfir 730: a polarized light .beam splitter^ 740 haying a 
s-polar±sed light flux reflection surface 741 for reflecting s-polarized 
light fluxes emitted from the polarizing illumination device 700 ; a 
dichrolc mirror 742 separating a blue light <B) component from light 
reflected from the s-polarized light flux reflection surface 741 of the 
polarised light beam splitter 740? a rei±e«ivs-±lquia -crystal liy bi- 
valve 745B modulating the separated blue light <B); a dichrolc mirror 
743 separating. a red light (R) component by reflecting light fluxes 
obtained after the blue light component is separated ) a reflective 
liquid crystal light valve 743* modulating the separated red light (R>f 
a reflective liquid crystal light valve 7456 modulating remaining green 
light (G) passing through the dichroic mirror- 743f and a projection 
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optical system 750 which synthesize the light modulated by the three 
reflective liquid crystal light valves 745R, 745G, and 745B using the 
dichroic mirrors 743 and 742 and the polarized light beam splitter 740/ 
and which projects this synthesized light on a screen 760- In this 
structure, the reflective liquid crystal display devices (liquid crystal 
panels) according to the embodiment ar& used for the three reflentuve 
liquid- crystal light valves -7.45R, 745G, and 745B. . 
[0067] 

in the structure described above p after random polarised light 
fluxes emitted froia— the ligat source portion 710 *~TiAr£tsc into a 

plurality of intermediate light fluxes by the integrator lens 720 , the 
intermediate light fluxes are converted into one type of polarised light 
fluxes ( s ^polarized light I luxes ) , in which th» poloxi^J di*s=ti*ac — = 
subBta&t&«Uy --ido5vtAc*l v .h5..dcV.e_poJari*stion converter 720 having a 
second inteuTrntor-lona at a lioht. incident side thereof, and this 
polarized light fluxes then reach the polarized light beam splitter 740. 
The s-polarized light fluxes emitted from the polarization converter 730 
are reflected from the s-polarized light flux reflection surface 741 of 
the polarized light beam splitter 740, and of the reflected light fluxes , 
a blue (B) light flux is reflected from a blue light reflection layer of 
the dichroic mirror 742 and is then modulated by the reflective liquid 
crystal light valv* 745B, Of the light fluxes passing through the blue 
light reflection layer of the dichroic mirror 742, a red (R) light xlux 
is reflected from a red light reflection layer of the dichroic mirror 
743 and is then modulatod by the rofX«otiw J squirt r;ry«tal light valve 
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745R. in addition, a green (G) light flux passing through the rod light 
reflection layer is modulated by the reflective liquid crystal light 

valve 7456- As described above, light colors m-e modulated by the 

reflective liquid crystal light valves 743R, 7430, <un*-7*5fir- 
[0068] 

The s-polarized light component of the light colore reflected from 
the pixels of th« liquid crystal panel is not . allowed -to- -pass through - 
the polarised light beam splitter 740 reflecting the s-polarized light, 
but a p-polarized light component is allowed to pass therethrough- The 
light transmitted through the polarized light beam splitter 740 forms an 
image. Accordingly, in the case in which a TN type liquid crystal is 
used for a liquid crystal panel, reflected light from an OFF pixel 
reaches the projection optical system 750, and reflected light from an 
Oil pixel does not reacn a leius, wwe**»i>y a pxuj uv ^iv« 4-= "* v 

white display- 

[0069] 

in addition, when the liquid crystal display device of the 
embodiment is specifically used for the blue light valve 7450, and the 
cut-off wavelength of blue light is set to 400 nm, display having 
improved color purity can be performed. 

[00701 

Compared to a type having TFT arrays formed on a glass substrate , 
in the reflective liquid crystal panel, since the pixel© are formed by 
using semiconductor LtMjlmiqu*** r <*" l*rg«r- mttsber of pistole can b* fnr™«4, 
and the panel size can also be reduced, highly fine images can be 
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projected, and in addition, the projector itself can be miniaturized. 

[0071] 
[Electronic Apparatus] 

Next, particular examples of electronic apparatuses each provided 
with one of the liquid crystal display devices of the embodiments will 
be described. Fig. 10(a) is a perspective view showing an example of a 
mobile phone. In-. Fig. 10(a) , - reference numeral 1000 - indicates . a mobile 
phone body, and reference numeral 1001 indicates a liquid crystal 
display portion using the liquid crystal display device of the 
embodiment . 

[0072] 

Fig, 10(b) is a perspective view showing an example of a wristwatch 

type electxuuic apparatus. In Pig. 10(b)-, r«f "wwwl mrmAral 1100 

indicates a watch body, and reference numeral 1101 indicates a liquid 
crystal display portion using one of the liquid crystal display devices 
of the embodiments « 

[0073] 

Fig* 10(c) is a perspective view showing an example of a portable 
information processing apparatus, such as a word processor or a personal 
computer. In Fig. 10(c), reference numeral 1200 indicates an 
information processing apparatus, reference numeral 1202 indicates an. 
input portion, such as a keyboard, reference numeral 1204 indicates an 
information processing body, and iwldiepco numeral 1206 indivtt«s..a 
liquid crystal display portion using the liquid crystal display device 
of the embodiment. 
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[0074] 

Since these electronic apparatuses described above ore eaan 
provided with the liquid crystal display device of the first or the 
second embodiment, highly fine display having a high contrast ratio can 
be performed. 

[0075J 

[Advantages] « • - 

As has thus been described, according to the present invention, 
bright display nan be performed by... suppressing the generation ol the - . 
display defects caused by abnormal alignment of the liquid crystal. 
[Brief Description of the Drawings] 

[Fi*. 1] 

Fig. 1 is a view of an equivalent circuit showing the structure of 
a display area of a TFT substrate of a liquid crystal device according 
to a first embodiment of the present invention* 
[Fig. 2] 

Fig. 2 is an enlarged cross-sectional view showing the structure of 
one TFT of the TFT array substrate. 
[Fig. 3). 

Fig. 3 is a schematic view for illustrating the relationship among 
a pixel pitch/ a space between pixel electrodes, and the thickness of a 
"liquid crystal layer in tho 1 1 <tu id" "dry »tai. rn . 

[Fig. 4] 

Fig. 4 is a view showing the entire structure of the liquid crystal 
device. 
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[Fig- 5] 

Fig. 5 is a croBB-seotional view taken along tha line H-fl' in Fig. 

4. 

[Fig- 6] 

distributions in 

Fj-ys • C(a) tv ^/ — ■ — ^ 

individual pixels of driving methods applicable to the liquid crystal 

device. *■ * 

[rig. 71 

Fig. 7 is * cross-sectional view showing the structure in which a 
Si substrate is used as a substrate of the liquid crystal device - 
[Pig- 8] 

Fig- 8 is a view showing the lightness obtained by computing a 
light reflection state in the liquid crystal device. 
[Fig. 9] 

rig. d is a view ohawing th* stratum r>f « 1 imiid crvstal 
projector provided with a liquid crystal device of one enibodiment 
according to the present invention - 
[Fig. 10] 

Fig* 10(a) is a perspective view of a mobile phone, Fig- 10(b) is a 
perspective view of a wristwatch, and Fig. 10(c) is a perspective view 
of a portable information processing apparatus- 
[Fig* 11] 

Fig* 11 is a view showing the positional relationship among pixel 
electrodes provided at an elemental substrate side and a common 
electrode provided at a counter substrate side of a conventional liquid 
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crystal device. 
[Fig. 12] 

Fig. 12 is a view showing the state in which disclination is 
generated in liquid crystal alignment by the influence of a lateral 
electric field in a conventional liquid crystal device. 
[Fig- 13] 

Fig. 13 is a view showing the state in which. a- letter "A" -is 

displayed in black on a white display background in a conventional 
liquid crystal device. 
[Fig. 14] 

Fig* 14 is a view showing the lightness obtained by computing light 
reflection in the state in which dieclination is generated in liquid 
crystal alignment by the influence of a lateral electric field in a 
conventional liquid crystal device. 
[Reference Numerals] 

8 — contact hole 
da * • ■ pixel electrode 
10 • • • substrate 
16 • • • insulating layer 
20 - * • second substrate 
30 • ■ - TFT 

50 • • • liquid crystal layer 
101 • • • semiconductor substrate 
105 field effect transistor 

112 - * * pixel electrode 
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700 • - * projection type display apparatus 
1000 * ■ * mobile phone 

1100 ■ ■ * wrifitw*tph 

1200 * - * information processing apparatus 
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[Nam© of Document] ABSTRACT 
[ABSTRACT] 

[Ofc>j»ui.j im object- «r tho proB*at invontion. < « +r» pi-frtH n limiid 
crystal device and a projection type display apparatus , having 
capability of performing high contrast display by suppressing the 
generation of display defects caused by disclination in a highly fine 

projection type liquid crystal panel. 

[Solving Means] According to the present invention, a liquid crystal 
layer 50 is held between one substrate 10 and the other substrate 20, 
and on the substrate 10, pixel electrodes 9a disposed in a matrix and 
TFTS 30 driving the respective pixel electrodes are provided. In the 
structure described above, when the thickness of the liquid crystal 
between the substrates is represented by d, and when the alignment angle 

(pretilt angle) of the liquid crystal with respect to the substrate is 
represented by Bp, 20° s Bp s 30° and 1 * d/L are satisfied. 

[Selected Figure] Fig. 3 
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[FIG. 1] 
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[FIG- 3] 
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[FIG. 4] 
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[FIG. 6] 
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[FIG. 7] 
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[FIG. 10] 
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[FIG. 113 
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[FIG. 1 3] 
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